All reactions and manipulations of air or water sensitive compounds were carried out under dry nitrogen using a Braun UniLab drybox or standard Schlenk techniques unless otherwise specified. HBr 33% in acetic acid, methanesulfonyl chloride, pyridine, was purchased from Aldrich and distilled from 4Å sieves prior to use.
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ether, tetrahydrofuran, hexanes, dimethyl sulfoxide) were purchased from Sigma-Aldrich or Mallinckrodt. Anhydrous chlorobenzene was purchased from Aldrich and used as received. Methylene chloride and tetrahydrofuran were dried over an alumina column and degassed by three freeze-pump-thaw cycles before use. Chloroform was dried over P 2 O 5 and distilled prior to use. Chloride form ion exchange resin (Amberlite-IRA 400(Cl) form) was purchased from Aldrich and washed with methanol prior to use. Hydrogen (99.99%) was purchased from Airgas. NMR solvents (CDCl 3 , CD 3 OD, DMSO-d 6 ) were purchased from Cambridge Isotope Laboratories (CIL) and used as received. C 6 D 6 (CIL) was dried over 4Å sieves prior to use.
5-Bromo-1-cyclooctene was prepared according to a literature procedure 1 but it was typically contaminated with 4-bromo-1-cyclooctene 2 (~10 %) and was therefore not used to prepare the desired 5-azido-1-cyclooctene. 5-Hydroxy-1-cyclooctene (2) was prepared from a literature procedure. 3 Tetrakis[cyclohexyl(methyl)amino]phosphonium tetrafluoroborate was prepared according to a literature procedure. 4 Standardized hydrochloric acid (0.1014 M) and potassium hydroxide (0.1000 ± 0.0001 M) solutions were purchased from Sigma-Aldrich and Riedel-de Haën, respectively. 
Small Molecule Characterization

AAEM Characterization
Ion exchange capacities (IECs) were determined using standard back titration methods. The thin film as synthesized (in the chloride form) was dried under full vacuum at 90 ºC in order to completely dehydrate it and then weighed. Conversion to the hydroxide form was achieved by immersing the film in a stirring 60 mL portion of 1 M potassium hydroxide for a minimum of 2 hours with the 1 M KOH solution being replaced twice with fresh 1 M KOH during that time. Residual potassium hydroxide was washed away by immersing the membrane in 3 × 125 mL portions of deionized water for 20 minutes each. The AAEM was then stirred in 25 mL standardized 0.1 M HCl (aq) solution for 48 hours followed by titration with standardized 0.1 M KOH (aq) to determine the equivalence point. Control acid samples (with no AAEM present) were also titrated with standardized 0.1 M KOH (aq) , and the difference between the volume required to titrate the control and the sample was used to calculate the amount of hydroxide ions in the membrane. This was divided by the dried mass of the membrane (vide supra) to give an IEC value with the units mmol OH -/g Cl -.
The in-plane hydroxide conductivity of the AAEM sample was measured by fourprobe electrochemical impedance spectroscopy (EIS) using a Solartron 1280B electrochemical workstation along with ZPlot and ZView software. The conductivity cell S4 was purchased from BekkTeck LLC (Loveland, CO), and a helpful schematic and description of a similar experimental setup has been reported. 5 A strip of the thin film in chloride form (ca. 4 cm long x 0.5 cm wide) was converted to the hydroxide form by immersing it in a stirring 30 mL portion of 1 M potassium hydroxide for a minimum of 2 h and the 1 M KOH solution was replaced twice with fresh solution during that time.
Residual potassium hydroxide was washed away by immersing the membrane in 3 × 60 mL portions of deionized water for 20 minutes each. The AAEM was then clamped into the cell using a Proto 6104 torque screwdriver set to 1 inch ounce and completely immersed in deionized water at either 22 ºC or 50 ºC, during the measurement time.
Using IR spectroscopy, we noted that as long as the membrane material is kept in deionized water for the 1 hour wash period, signals corresponding to the bicarbonate and carbonate anions are not present in the IR spectrum of the membrane. EIS was performed by imposing a small sinusoidal (AC signal) voltage, 10 mV, across the membrane sample at frequencies between 20,000 Hz and 0.1 Hz (scanning from high to low frequencies)
and measuring the resultant current response. A Bode plot was used to assess the frequency range over which the impedance approached a constant and the phase angle approached zero. In a Nyquist plot of the data, the high frequency intercept on the real impedance axis was taken to be the resistance of the membrane. This was then used to calculate the hydroxide conductivity by employing the following formula:
where L is the length between sense electrodes (0.425 cm), Zʹ′ is the real impedance response at high frequency, and A is the membrane area available for hydroxide conduction (width⋅thickness). The dimensional measurements were performed using a digital micrometer (± 0.001 mm) purchased from Marathon Watch Company Ltd.
S5
(Richmond Hill, ON). The hydroxide conductivity was measured for a minimum of four separate AAEMs (per composition) and the precision of these measurements was evaluated. All errors are determined from sample standard deviations. Confidence intervals are at the 95 % confidence level based on the sample deviations and using the relevant student-t distribution (N-1 degrees of freedom, N is the number of samples tested for each membrane).
Water uptake was measured by the mass change between the fully hydrated and determine the quantity of BTMA remaining and degradation products ( 1 H NMR spectra - Figure S1 ). The aliquot taken on the 16 th day was analyzed using GC-MS. The primary degradation products were confirmed as benzyl deuteriomethyl ether (PhCH 2 OCD 3 ) and
. 6 Since NaOD is in equilibrium with Figure   S2 and Figure S3 ) and analyzed by 1 H NMR spectroscopy and 31 P NMR spectroscopy.
No degradation products were observed in either the 1 H and 31 P NMR spectra over a 20-day period. 
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Stability Investigation of AAEM -17
A strip of the thin film in the hydroxide form (ca. 4 cm long × 0.5 cm wide) was removed from 1 M KOH following the typical exchange procedure and immediately placed in a plastic bottle containing 15 M KOH at 22 °C. At specified time intervals, membrane strips were removed and soaked in deionized water for 18 h to ensure complete hydration, re-exchanged with 1 M KOH (typical procedure with a 2 h exchange), washed with water to remove any residual base and the in-plane hydroxide conductivity measured at 22 °C. stopper and heated to 50 °C using an oil bath. The reaction mixture was stirred for 2 days at which point it was slowly quenched with 100 mL of water. Once the mixture had cooled to room temperature, it was extracted with diethyl ether (3 × 100 mL). The combined ether extracts were washed with water (1 × 100 mL). The organic layer was subsequently dried with Na 2 SO 4 and the solvent was removed by rotary evaporation. The product was chromatographed on a short path of silica using hexanes/ethyl acetate, 19/1 (TLC analysis: R f product = 0.4, R f starting material = 0.1) to afford the desired azide as a colorless oil (4.37 g, 74 % This compound was prepared according to a modified literature procedure. 4 In a 100 mL round bottom flask equipped with a magnetic stir bar, tris(cyclohexylamino)-cycloctenylamino-phosphonium tetrafluoroborate (3.00 g, 5.59 mmol) was combined with chlorobenzene (20 mL) and 17.9 g of a 50 % NaOH solution (by weight). Dimethyl sulfate (2.65 mL, 27.9 mmol) was added in a cautious manner by syringe as the reaction is somewhat exothermic. After the addition of dimethyl sulfate the temperature of the reaction flask was monitored until it returned to ambient temperature at which time the reaction flask is placed in an oil bath at 70 °C for 8 h. Upon cooling the mixture to room temperature, 150 mL of water was added. The reaction mixture was extracted using wet CH 2 Cl 2 (2 × 100 mL) and the combined organic extracts were washed with water (100 mL), dried with Na 2 SO 4 and the CH 2 Cl 2 was removed by rotary evaporation. The resultant oil was precipitated into 300 mL of diethyl ether. The white solid was collected on a Buchner funnel and residual solvent was removed at 80 °C in vacuo. The crude product was redissolved in CH 2 Cl 2 (100 mL) and washed with aqueous 1 M NaBF 4 (2 × 50 mL) and precipitated into 300 mL of diethyl ether. 
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Single-crystal X-ray Crystallography: a suitable single crystal was chosen and mounted on a Bruker X8 APEX II diffractometer (MoK α radiation) and cooled to -100ºC.
Data collection and reduction were done using Bruker APEX2 10 and SAINT 11 software
packages. An empirical absorption correction was applied with SADABS 12 . Structure was solved by direct methods and refined on F 2 by full matrix least-squares techniques using SHELXTL 13 software package. All non-hydrogen atoms were refined anisotropically.
The sample size was 0.60 x 0.25 x 0.10 mm 3 . Overall 38576 reflections were collected, 9528 of which were symmetry independent (R int = 0.0312). (1) 5329 (1) 8216 (1) 1377 (1) 23 (1) O (1) 6639 (1) 2158 (1) 1058 (1) 61 (1) O (2) 4685 (1) 2294 (1) 1487 (1) 56 (1) O (3) 3172 (1) 1308 (1) 885 (1) 75 (1) O (4) 5426 (1) 1934 (2) 2595 (1) 81 (1) N (1) 6165 (1) 7310 (1) 1397 (1) 27(1) N (2) 4561 (1) 8244 (1) 746 (1) 26 (1) N (3) 4547 (1) 8099 (1) 1964 (1) 27(1) N (4) 6040 (1) 9187 (1) 1413 (1) 25 (1) C (1) 6753 (2) 7050 (1) 1977 (1) 34 (
7374 (2) 2715 (2) 1405 (1) 60(1) C (2) 6485 (1) 6780 (1) 853 (1) 30 (1) 4677 (2) 2240 (2) 2988 (1) 70(1) C (5) 7779 (2) 5425 (2) 169 (1) 63(1) C (6) 6586 (2) 5217 (1) 348 (1) 59 (1) C (7) 6321 (2) 5732 (1) 936 (1) 46(1) C (8) 5095 (1) 8534 (1) 185 (1) 32(1) C (9) 3319 (1) 8123 (1) 705 (1) 26(1) C (10) 2956 (1) 7210 (1) 395 (1) 35(1) C (11) 1671 (2) 7110 (2) 379 (1) 51(1) C (12) 1073 (2) 7951 (2) 90 (1) 52(1) C (13) 1462 (2) 8850 (1) 400 (1) 44(1) C (14) 2742 (1) 8954 (1) 389 (1) 34(1) C (15) 3999 (2) 7198 (1) 2079 (1) 36(1) C (16) 4291 (1) 8882 (1) 2376 (1) 30(1) C (17) 3076 (2) 9213 (2) 2306 (1) 50 (1) S31 C(18) 2894 (2) 10069 (2) 2706 (1) 64(1) C (19) 3239 (2) 9877 (2) 3365 (1) 68(1) C (20) 4443 (2) 9523 (2) 3430 (1) 60(1) C (21) 4610 (2) 8655 (2) 3037 (1) 49(1) C (22) 5452 (1) 10083 (1) 1293 (1) 31(1) C (23) 7264 (1) 9248 (1) 1573 (1) 24(1) C (24) 7519 (1) 9649 (1) 2208 (1) 31(1) C (25) 8792 (1) 9610 (1) 2354 (1) 39(1) C (26) 9447 (2) 10128 (1) 1882 (1) 47(1) C (27) 9154 (1) 9766 (1) 1246 (1) 41(1) C (28) 7882 (1) 9803 (1) 1101 (1) 32(1) ________________________________________________________________________ 
1.530(4) C(6)-C (7) 1.552(3) (4) 56 (1) 121 (2) 66 (1) 7 (1) 3 (1) 18(1) N (1) 33 (1) 23 (1) 24 (1) 0(1) -3(1) 4(1) N (2) 26 (1) 30 (1) 22 (1) 3(1)
33 (1) 24 (1) 24 (1) 1 (1) 2(1) -3(1) N (4) 25 (1) 20 (1) 29 (1) 3(1) -1(1) 1(1) C (1) 41 (1) 29 (1) 31 (1) 
